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70  GC  KLISTRON  FREQUBNCI  STABILm  AMD  SPECTRUM 

ABSTRACT 

Measiirements  were  made  of  the  frequency  stability  of  V-band  reflex 
klystrons  while  being  operated  from  regulated  voltage  sources  of  different 
stability.  A.  C.  .line  regulators  and  two  different  types  of  power  supplies 
were  used;  one  with  a  volteige  regulation  of  O.Oyft,  and  the  other  with  a 
voltage  regulation  of  0.001^. 

Relative  frequency  stability  was  determined  by  mixing  the  outputs  of 
two  klystrons  whose  frequencies  differed  by  approximately  60  me.  This 
difference  frequency  was  then  amplified,  counted  on  a  high-frequency  counter, 
and  observed  on  a  panoramic  receiver. 
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I.  imODUCTION 


Certain  measurements  of  the  frequency  stahUity  of  70  Qc  reflex  klystrons 
were  made  to  determine  the  bandwidth  of  the  output  signal  and  the  sensitivity 
of  the  klystrons  to  varlatlcxis  In  supply  voltages.  All  meeuiuxements  were  of 
the  compeurlson  type  euscompllshed  by  operating  two  klystrons  at  nearly  same 
frequency  and  recording  the  stability  of  the  difference  frequency. 

A  servo  loop  fed  back  Into  one  of  the  reflector  voltage  sources  was 
tested  for  ease  of  locking  and  the  Increase  In  stability  over  the  free  running 
klystrons.  The  servo  stabilizer  v&a  particularly  effective  In  eliminating 
slow  frequency  drift  over  an  extended  period. 

II.  C(»4P0NENTS 


A.  Frequency  Measurement 

Two  Raytheon  QKK837  klystrons  were  operated  in  the  reconmended  mode  euid 
their  output  fed  Into  a  crysteuL  mixer.  The  mixer  used  a  Hiilco  1N2792  crysteJ. 
diode.  The  difference  frequency  between  the  klystrons  was  set  at  approximately 
60  me.  A  60  me  IF  amplifier  provided  sufficient  voltage  gain  of  the  signal 
from  the  mixer  to  drive  a  frequency  counter.  Ohe  frequency  counter  used  was 
the  tewlett-Packard  Model  524b  with  the  525A  Frequency  Counter  Head.  The  524B 
has  a  comtlng  accuracy  of  +  1  count  with  a  time  base  accuracy  of  +  1  part  In 
10^  with  a  minimum  input  voltage  requirement  of  0.1  volt  rms.  An  external 

reference  frequency  of  100  kc  was  provided  the  counter  by  a  Borg  Radio  Frequency 

0 

Standard  having  a  stability  of  1  part  in  10  In  60  days.  Digital  prlnt-out  of 
the  difference  frequency  was  recorded  by  a  Hewlett-Packard  Model  36QA  Digital 
Recorder. 

Two  power  sources  were  used  with  the  klystrons.  An  FXR  Inc.  Klystron 
Power  Supply,  Type  Z813-B  with  a  single  output  regulated  to  O.oyfi  and  a  PRD 
(Polytechnic  Research  and  Developnent)  Klystron  Power  Supply  Type  8l2  having 
two  paredlel  outputs  regulated  to  0.001^  were  used.  The  line  Input  to  each 
power  supply  was  regulated,  where  noted,  by  a  Sorensen  Line  Regulator  Model 
2000-3  to  0.1^. 
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B«  Spectrum  Axi&lysis 

The  equipment  described  above  vas  used  in  conjunction  vitb  the  Fanoreaillo 
Radio  Products^  Inc.  Spectrum  Analyzer  Model  8PA-»1  and  tuning  bead  RF<-2.  Obser** 
vations  over  a  10  me  bandwidth  on  each  side  of  the  60  me  center  frequency  were 
made*  Sensitivity  of  the  analyzer  at  60  me  vas  -100  dbm*  Gain  vas  variable 
from  0  to  40  db.  Scanning  rate  vas  continuously  variable  from  1  to  60  eps. 

An  Automatic  Frequency  Control  (AFC)  circuit,  designed,  fabricated, 
calibrated  in  the  laboratory,  was  used  to  effect  control  over  the  frequency 
drifting  between  the  klystrons.  The  time  constant  of  the  AFC  circuit  vas 
about  0.1  second  and  control  vas  maintained  over  a  2*^  me  bandwidth  centered 
about  60  me.  The  AFC  circuit  controlled  the  reflector  voltage  of  the  fXR  power 
supply  to  maintain  the  difference  frequency  at  a  pre-selected  value. 

A  Polaroid  camera  with  a  7^  nm  lens  vas  used  to  photograph  the  frequency 
difference  spectrum  as  displayed  on  an  oscilloscope. 

III.  TEST  SET-UP 

A.  Frequency  Maasurement 

The  test  equipment  vas  intercc»mected  as  indicated  in  Figure  1.  Standard 
V-band  (^0  -  Cfc)  waveguide  components  such  as  isolators,  loads,  magic  Teas, 
90^  twists,  frequency  meters  and  attenuators  were  used.  A  vacuum  tiibe  volt¬ 
meter  vas  used  on  the  discriminator  output  as  a  visual  indicator  for  the 
presence  of  the  difference  frequency  within  the  60  me  bandpass  of  the  amplifier* 

B.  Spectrum  Analysis 

The  test  equipment  vas  interconnected  as  indicated  in  Figuras  2  and 
Two  vacuum  tube  voltmeters  were  used  as  visual  indicators;  one  to  monitor  the 
presence  of  the  difference  frequency  at  the  output  of  the  IF  amplifier,  the 
other  to  detect  the  discriminator  output* 
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IV. 


OfiST  PROCEDURE 


A*  Frequency  Msasiuresient 

lEhree  long  time  counts  of  the  difference  frequency  were  made  to  record 
the  magnitude  of  the  frequency  drift  resulting  from  three  methods  of  poeerlng 
the  klystrons.  One  klystron  was  powered  by  the  FRD  klystron  supply  on  each 
test.  Tla/&  other  klystron  was  powered  by  different  methods;  firsts  by  the 
FXR  klystron  supply  without  line  regulation;  second^  by  the  parallel  output  of 
the  FRD  power  supply;  and  thirds  by  the  FXR  supply  with  a  regulated  line  volt¬ 
age. 

Each  klystron  was  operated  In  Its  recommended  mode  cm  C.  W.  power  and 
peaked  Independently  of  the  other  except  In  the  case  when  both  klystrons  wepe 
powered  by  the  parallel  output  of  the  FRD  supply  in  which  case  a  compromise 
in  voltage  adjtistments  was  made.  No  intereustlcm  between  the  klystrons  was 
observed*  A  four  hour  warmup  period  was  allowed  for  eeush  test. 

Since  the  voltage  out  of  the  mixer  corresponding  to  the  difference  fre¬ 
quency  was  not  sufficient  to  drive  the  counteri  the  60  mo  IF  amplifier  was 
required  to  supply  the  necessary  voltage.  The  difference  frequency  was  tuned 
to  60  me  by  mechanically  adjusting  the  frequency  of  one  of  the  klystrons  (No.  17) 
after  a  rough  approximation  of  each  klystron  frequency  was  obtained  by  means  of 
the  frequency  meters  which  were  readable  to  10  me. 

A  print-out  time  of  1  second  was  used  with  the  counter  and  the  display 
time  was  adjusted  to  allow  sufficient  time  for  the  Digital  Recorder  to  print 
out  the  frequency  information. 

Each  teat  was  of  1^  minutes  duration.  During  this  period,  several  obseks 
were  made  to  ascertain  that  the  counter  was  operating  properly.  The  100  ko 
standard  frequency  of  the  Borg  unit  was  also  monitored.  NO  adjustment  of  kly¬ 
stron  beam,  reflector,  grid,  or  filament  voltages  was  made  during  tbs  test 
runs. 
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Durlag  the  4  hour  wamtup  period  of  the  third  teat,  the  difference  fre¬ 
quency  was  monitored.  At  Intervals  of  at  leut  15  minutes,  the  fxeg]uency  of 
eaoh  klystron  was  measured  hy  means  of  Technical  Research  Oroup  frequency 
meters.  After  two  hours  of  warmup,  the  difference  frequency  was  printed  for 
15  minutes  by  the  digital  recorder.  Adjustment  was  required  several  times  to 
keep  the  difference  frequency  within  the  bandpass  of  the  60  me  IF  amplifier. 

Ihe  frequency  drift  information  obtained  during  the  warmup  period  of  tbs 
third  test  was  used  to  determine  the  frequency  deviation  of  the  klystrcaa  from 
a  cold  start. 

B.  Spectrum  Analysis  ^ 

One  klystron  was  powered  by  the  FRD  supply  and  the  other  by  the  FXR  supply 
with  regulated  line  voltage.  The  difference  frequency  signal  from  the  mixer 
was  amplified  and  fed  to  the  analyzer  after  a  four  hour  warmup  period. 

Die  analyzer  was  euljusted  to  receive  the  high  frequency  components  of  sig¬ 
nals  up  to  +  5  me  on  each  side  of  the  60  me  center  frequency.  Without  AFC  the 
center  frequency  of  the  difference  spectrum  shifted  continually,  thereby  requir¬ 
ing  constant  readjustment  of  the  analyzer  tuning  for  visual  analysis. 

Amiblent  temperature  changes  and  power  supply  Instability  cause  frequency 
drift  and  Jitter  of  the  klystron  oscillator.  When  a  sxtperheterodyne  receiver 
was  used  to  detect  the  output  of  a  klystron  oscillator,  the  system  Instability 
was  the  sum  of  the  Instability  of  the  transmitter  plus  the  Instability  of  the 
local  oscillator  In  the  receiver.  An  electronic  frequency  stabilization  sys- 
toB  was  devised  which  could  be  easily  adapted  to  existing  power  supplies.  The 
use  of  the  stabilization  system  eliminated  long  term  drifts  and  Jitter  was 
reduced  from  2.5  me  to  1  me. 

Ibe  AFC  was  designed  to  maintain  a  frequency  difference  of  60  mo  between 
the  local  oscillator  and  the  transmitter.  The  IF  amplifier  bad  a  bandwidth 
of  10  mo  centered  at  60  me,  and  was  followed  by  a  discriminator  of  6  mo  band¬ 
width  centered  at  60  mo  (See  Figure  4).  The  output  of  the  discriminator  was 
used  to  control  the  gain  of  a  one  stage  audio  amplifier.  The  Input  to  this 

asqpllfler  was  connected  to  a  5  he  fixed  amplitude  oscillator.  The  aqplitt;de 
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of  tbe  5  Icc  signal  at  the  output  of  this  aopllfler  vas  thus  controlled  by  the 
output  of  the  discriminator.  The  output  of  the  variable  gedn  aiapllfler  was 
transformer  coupled  to  a  bridge  rectifier  and  the  ou'^t  of  the  rectifier  was 
connected  In  series  with  the  reflector  s\^ply  voltage  for  the  local  oscillator 
klystron.  The  transfonaer  was  used  for  Isolation  between  the  high  voltage  of 
the  reflector  supply  and  the  output  of  the  AFC  stages.  This  method  of  coupling 
also  provided  a  safety  featvire  since  the  reflector  voltage  could  not  drqp  to 
zero  If  the  AFC  failed. 

V.  TEST  RESULTS 


A.  Frequency  Measurements 

The  data  from  each  of  the  three  test  runs  were  averaged  over  ten  second 
time  Intervals  and  plotted  as  shown  In  Figure  'y.  Results  Indicate  that  the 
best  stability  was  obtained  when  both  klystrons  were  powered  by  the  same  HQ) 
supply.  Maximum  difference  frequency  recorded  was  6.2  me  with  the  ocneon  sup¬ 
ply^  \dille,  with  the  other  two  methods,  the  maximum  frequency  deviations 
recorded  were  8.3  me  and  9*^  me.  The  greatest  deviation  vas  observed  >rtien 
klystron  No.  17  was  powered  by  the  FXR  supply  with  an  uiuegulated  line  voltage. 

During  all  three  tests,  It  was  evident  that  wansup  time  and  line  voltage 
fluctuations  Influenced  the  frequency  deviation  to  a  marked  degree.  For  tboae 
periods  of  the  day  when  line  loading  was  at  a  fairly  constant  level,  the  kly¬ 
stron  frequency  stability  was  better  by  a  factor  of  necurly  two  over  that  tdwn 
line  loeidlng  fluctuated.  This  effect  was  observed  by  monitoring  the  60  mo  IF 
amplifier  output  around  1200  hours  and  l600  hours. 

The  drift  frequency  during  tbe  waxipip  period  from  a  cold  start  revealed 
that  a  decided  stabilisation  of  frequency  occurred  after  about  2.3  hours. 

After  2.3  hours,  the  frequency  was  more  stable  by  a  factor  of  three  than  when 
Initially  turned  on.  Prior  to  this  time.  It  waa  difficult  to  maintain  a  signal 
within  10  me  of  an  Initial  eandltlon  without  ooatlnual  readjustment  of  the  kly¬ 
stron  control  voltages  and  mechanically  retuning  the  klystron. 
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Figures  6  and  7  indicate  the  need  for  line  regulation  of  the  power  used 
on  the  klystron  power  supply.  The  freq;uency  devlatlan  experienced  with  an 
unregulated  power  line  is  considerably  decreased  vlth  the  use  of  line  regula- 

tlOQ. 

B.  Spectrum  Analysis 

During  the  Initial  test,  the  difference  frequency  drifted  out  of  the  10  mo 
bandpass  of  the  60  me  IF  aiiq)llfler  In  a  sporadic  manner.  Ihe  spectrum  of  the 
difference  signal,  as  recorded  photographically,  Is  as  wide  as  1.?  me  at  a 
60  me  difference  frequency.  ?3ie  sweep  speed  for  all  photographs  was  1  per  sec¬ 
ond.  Certain  klystron  adjustments  resulted  In  bursts  of  difference  frequency 
over  a  bandwidth  that  exceeded  10  me.  Ibis  effect  was  observed  during  the 
retunlng  process  to  obtain  a  60  me  diffeience  frequency. 

!lbe  inclusion  of  the  AFC  resulted  In  good  control  of  the  difference  fre¬ 
quency.  A  difference  frequency  of  62  me  was  observed  to  shift  +  1  me  during 
an  Interval  of  iwV^  hours.  Gbe  spectrum  of  the  62  me  difference  frequency 
was  $  me  wide. 

Figure  8  Is  a  reproduction  of  two  spectrum  analysis  test  photographs. 

Ibe  markers  were  set  10  me  apart.  Frequency  excursions  having  a  rate  less 
than  10  cycles  per  second  were  recorded.  The  horizontal  and  vertical  scales 
were  linear.  Ilbe  vertical  scale  was  adjusted  to  bring  the  entire  trace  Into 
view.  Figure  8A  Is  two  photographs  taken  at  a  one  minute  Interval.  These  two 
photographs  of  a  6$  me  difference  frequency  show  a  spectrum  about  1.3  me  wide. 
Figure  6b  Is  another  set  of  two  photographs  also  taken  at  a  one  minute  Inter¬ 
val.  This  set  of  photographs  shows  a  71  me  difference  frequency  having  a 
spectrum  about  1.3  me  wide. 

CBCn.  L.  WnSGH 
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FIGURE  I  TEST  SET  -  70  6c  DIFFERENCE  FREQUENCY  COUNT 


FIGUIK  Z  TEST  SET  -  706c  DIFFERENCE  FREQt^NCT  SPECTRIMI 


FIGUftE  3  SCHEMATIC,  AUTOMATIC  FREQUEMCY  CONTROL  UNIT 
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FIGURE  4  AFC  DISCRIMINATOR  OUTPUT  CURVE 
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New  Mexico 

1  Commanding  Officer 

U.  S.  Army  Foreign  Science  and 
Technology  Center 
ATTN:  Mr.  Ambrose 
Arlington  Hall  Station 
Washington  25,  D.  C. 
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No.  of 

Copies  Orffnlaatlon 


2  Comnanding  Officer 

U.  S.  Army  Engineers  Research  & 
Development  Laboratory 
AITTN:  Mr.  Robert  E.  Crompton, 

FIR  Breuach 
Mr.  Manfred  Gale 
Port  Belvoir,  Virginia 

2  Commanding  General 

U.  S.  Army  Signal  Research  & 
Development  Laboratory 
ATTN;  Mr.  Victor  Frlederick, 

Radar  Division 
Mr.  Robert  Pierce, 
SIGRA/SL-SRD 

Fort  Monmouth,  New  Jersey 

1  Chief  of  Transportation 

ATTN;  Armament  Electronics  Officer, 
Major  Garza 
Department  of  the  Army 
Washington  25,  D.  C. 

1  Commanding  Officer 

U.  S.  Army  Combat  Surveillance 
Agency 

ATTN;  Major  Warren  W.  Rossman 
1124  Highland  Street 
Clarendon,  Virginia 

1  ASD  (ASRNR) 

ATTN;  Mr.  Richard  B.  Leasure 
Wright-Patterson  Air  Force  Base 
Ohio 


1  Commanding  Officer 

Army  Research  Office  (Durham) 

Box  CM,  Duke  Station 
Durham,  North  Carolina 

1  Chief  of  Research  &  Development 

ATTN:  Lt  Col  Wm.  Perry 
Department  of  the  Ajrmy 
Washington  25,  D.  C. 

2  Director 

U.  S.  Naval  Research  Laboratory 
Bellevue 

ATTN;  Radio  Astronomy  Division, 
Mr.  Charles  Grant 
Radar  Division,  John  Dunn, 
Bldg.  47 

Washington  25,  D.  C. 

1  Commanding  Officer 
Naval  Ordnance  Laboratory 
ATTN:  Mr.  Homer  Johnson, 

Code  454 

Corona,  California 

2  AFCRL  (CRXLT-1  (Stop  29)) 

ATTN:  John  W.  Armstron, 

Chief  Technical  Section 
L.  G.  Hansccm  Field 
Bedford,  Massachusetts 

1  APSWC  (SWOI) 

Kirtland  Air  Force  Base 
New  Mexico 


2  Commanding  General 

U.  S.  Continental  Army  Command 
ATTN;  Lt  Col  Barber! s 
Fort  Monroe,  Virginia 

Of  Interest: 

ATDEV-2,  Lt  Col  Zako 
ATDEV>3,  Lt  Col  Johnston 
ATSWD,  Lt  Col  Bruger 
ATSWD,  Mr.  Barfoot 


1  Bendlx  Aviation  Corporation 

Bendix  Pacific  Division 
A3TN:  Mr.  Nell  Leggett 
11600  Sherman  Way 
Nosrbh  Hollywood,  California 

1  Cornell  AeronautlctO.  Laboratory, 

Inc. 

ATTN:  Mr.  Dick  Schnelberger 
Buffalo,  New  York 
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1  Electronic  Conmiunlcatlons,  Inc* 
ATTN:  Dr.  Jim  Wlltse 
1830  York  Road 
Tlmonlum,  Maryland 

1  General  Precision  Laboratory 
ATTN:  Mr.  Tom  0*Dell 
63  Bedford  Road 
Pleasantvllle,  New  York 

1  Phllco  Scientific  Laboratory 
ATTN :  Melvin  Annette 
Blue  Bell,  Pennsylvania 

1  Sperry  Gyroscope  Company 

Division  of  Sperry  Corporation 
ATTN:  Mr.  Kenneth  Slaiighter 
Great  Neck,  Long  Island,  New  York 

1  Technical  Research  Group,  Inc. 
ATTN:  Dr.  Allen  Simmons 
400  Border  Street 
East  Boston  28,  Massachusetts 

1  The  Johns-Hopkins  University 
Radiation  Laboratory 
ATTN:  Mr.  Joseph  Fineberg 
1315  St.  Paul  Street 
Baltimore,  Maryland 


No.  of 

Copies  Organlzatl<ffl 

1  Uhlversity  of  Texas, 

Electrical  Engineering  Research 
Laboratory 

ATTN:  Dr.  A.  W.  Stralton 
P.  0.  Box  8026,  Uhiverslty 
Station 

Austin  12,  Texas 

1  Sperry  Microwave  Electronics 

Company 

ATTN:  Dr.  Rudolph  E.  Henning 
Clearwater,  Florida 

10  The  Scientific  Information 

Officer 

Defence  Research  Staff 
British  Ihibassy 

3100  Massachusetts  Avenue,  N.W. 
Washington  8,  D.  C. 

4  Defence  Research  Member 

Canadian  Joint  Staff 
2430  Massachusetts  Avenue,  N.W. 
Washington  8,  D.  C. 
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